We claim: 



1. A simplified method for simultaneous sequence-specific identification of multiple 
5 mRNA molecules in a RNA population comprising the steps of: 

preparing a population of capturable double-stranded cDNA molecules from a population 
of mRNA molecules having a 3' poly (A) terminus by using a mixture of anchor primers, each 
anchor primer having a 5' terminus and a 3' terminus and including: (i) phasing residues located 
at the 3' terminus of each of the anchor primers selected from the group consisting of -V, -V-N, 

10 and -V-N-N, wherein V is a deoxyribonucleotide selected from the group consisting of A, C, and 
G; and N is a deoxyribonucleotide selected from the group consisting of A, C, G, and T, the 
mixture including anchor primers containing all possibilities for V and N where the anchor 
primer phasing residues in the mixture are defined by one of -V, -V-N, or -V-N-N; (ii) a tract of 
8 to 40 T residues located towards the 5 f -terminus relative to the phasing residues; (iii) a first 

15 staffer segment consisting of 4 to 40 nucleotides; (iv) a segment complementary to a V PCR 
primer consisting of about 12 to about 20 nucleotide residues located towards the S'-terminus 
relative to the tract of T residues; (v) a second staffer segment consisting of 4 to 40 nucleotides 
and (vi) a capturable moiety affixed to the anchor primer; 

digesting the population of capturable double-stranded cDNA molecules with a 

20 restriction endonuclease that recognizes at least a four nucleotide sequence not found within the 
sequence of the anchor primer, thereby producing a population of capturable double stranded 
cDNA fragments, each capturable double stranded cDNA fragment having an anchor end that 
corresponds to the poly(A) segment of the original mRNA molecule and including at least a 
portion of a sequence corresponding to that of the anchor primer, and a free end opposite to the 

25 anchor end; 

capturing the capturable moiety, thereby affixing the capturable double-stranded cDNA 
fragments to a substrate to form affixed double stranded cDNA fragments; 

ligating a double stranded adapter polynucleotide to the free end of each affixed double 
stranded cDNA fragment to form a population of adapted cDNA molecules, the double stranded 
30 adapter polynucleotide including a segment corresponding to the sequence of a bacteriophage 
RNA polymerase promoter and a segment complementary to a 5' PCR primer; 
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generating a first set of sequence-specific PCR products by dividing the population of 
adapted cDNA molecules into a first series of subpools as templates for a first polymerase chain 
reaction with a 3' PCR-primer about 15 to 30 nucleotides in length that is complementary to at 
least a portion of the anchor primer sequence and a first 5 r PCR-primer about 15 to about 30 
5 nucleotides in length and that is complementary to a portion of the adapter polynucleotide, with 
the complementarity extending one nucleotide beyond the portion of the adapter polynucleotide 
into the specific sequence corresponding to the free end of the capturable cDNA and including a 
3 r -terminus consisting of -Nx, wherein X is an integer from 1 to 5, and N is selected from group 
consisting of the four deoxyribonucleotides A, C, G, and T, and wherein a different one of the 

10 first 5' PCR primers is used in each of 4 X different subpools; 

generating a detectable second set of sequence-specific PCR products by further dividing 
the first set of sequence-specific PCR products in each of the first series of subpools into a 
second series of subpools and using the first set of sequence-specific PCR products as templates 
for a second polymerase chain reaction with a 3' PCR primer of 15 to 30 nucleotides in length 

15 comprising a detectable moiety and a second 5' PCR primer defined as having a 3'-terminus 
consisting of - Nx-Nx+y> wherein Nx is the same as the Nx used in the first polymerase chain 
reaction for that subpool, wherein Y is an integer from 1 to 5, (X+Y) is an integer from 2 to 6, N 
is selected from group consisting of the four deoxyribonucleotides A, C, G, and T, wherein the 
second 5' PCR primer is about 15 to about 30 nucleotides in length and wherein the second 5' 

20 PCR-primer is complementary to a portion of the adapter polynucleotide with the 

complementarity extending X+Y nucleotides beyond the portion of the adapter polynucleotide 
into the specific sequence corresponding to the free end of the capturable cDNA, wherein a 
different one of the second 5 f PCR primers is used in the different 4 X+Y subpools of the second 
series of subpools; 

25 resolving the second set of sequence-specific PCR products to generate a simultaneous 

display of sequence-specific PCR products representing the 3 '-ends of mRNA molecules present 
in the mRNA population; and 

characterizing each sequence-specific PCR product by a partial sequence and a length, 
thereby providing simultaneous sequence-specific identification of multiple mRNA molecules in 
30 a RNA population without making a cDNA library. 
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2. The method of claim 1 , wherein the step of preparing a population of double- 
stranded cDNA molecules comprises the steps of synthesizing a first cDNA strand and 
synthesizing a second cDNA strand. 

3. The method of claim 1, further comprising the steps of 

5 transcribing to produce synthetic RNA molecules by incubating the capturable cDNA 

with a bacteriophage RNA polymerase capable of initiating transcription from the sequence 
corresponding to the sequence of a bacteriophage RNA polymerase promoter; and 

generating first-strand cDNA by transcribing the cRNA using a reverse transcriptase and 
a RT primer being 15 to 30 nucleotides in length and comprising a segment capable of 
1 0 hybridizing to a portion of the anchor primer sequence. 

4. The method of claim 1, wherein the anchor primer further comprises at least one 
segment comprising a sequence recognized by a restriction endonuclease that recognizes at least 
six bases, the segment being located towards the 5'-terminus of the anchor primer relative to the 
3' PCR primer segment. 

15 5. The method of claim 1 wherein the anchor primer phasing residues are -V-N-N. 

6. The method of claim 1 wherein X = 1 and Y = 3. 

7. The method of claim 1 wherein the tract of T residues comprises 18 T residues. 

8. The method of claim 1 wherein the anchor primer is chosen from the group 
consisting of primers having the sequence 5'-A-T-G-A-A-T-T-C-T-C-T-A-G-A-G-A-T-T-G-C- 

20 T-A-C-C-T-C-A-G-T-C-T-G-A-G-C-T-C-C-A-C-C-G-C-G-G-T-A-G-T-A-C-T-C-A-C-T-G-C- 
T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-V-N-N-3 5 (SEQ ID NO: 1), 5'-A-T-G-A-A-T-T-C-T- 
C-T-A-G-A-G-T-C-T-G-A-G-C-T-C-C-A-C-C-G-C-G-G-T-A-G-T-A-C-T-C-A-C-T-G-C-A-G- 
T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-V-N-N-3'(SEQ ID NO: 2) and 5 J -G-A-A-T-T-C-A-A- 
C-T-G-G-A-A-G-C-G-G-C-C-G-C-A-G-G-A-A-G-A-G-C-T-C-C-A-C-C-G-C-G-G-T-A-G-T- 

25 A-C-T-C-A-C-T-G-C-A-G-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-V-N-N-3 ? (SEQ ID NO: 
3), wherein the 5 5 terminal base (base 1) is a biotinylated adenylate residue, each V can represent 
A, C or G, and each N can represent A, C, G, or T. 

9. The method of claim 1 wherein the bacteriophage RNA polymerase promoter is 
selected from the group consisting of T3 promoter, T7 promoter and SP6 promoter. 
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1 0. The method of claim 9 wherein the bacteriophage RNA polymerase promoter is a 
T3 promoter. 

1 1 . The method of claim 1 wherein one strand of the double stranded adapter 
polynucleotide comprises the sequence 5'-A-T-G-A-A-T-T-C-G-G-T-A-C-C-A-A-T-T-A-A-C- 

5 C-C-T-C-A-C-T-A-A-A-G-G-G-A-C-A-G-C-T-T-A-T-C-A-T-C-G-C-T-C-G-A-G-C-T-C-G-A- 
C-G-G-T-A-T-3' (SEQ ID NO:7). 

12. The method of claim 1 wherein one strand of the double stranded adapter 
polynucleotide comprises the sequence 5'-C-G-A-T-A-C-C-G-T-C-G-A-G-C-T-C-G-A-G-C-G- 
A-T-G-A-T-A-A-G-C-T-G-T-C-C-C-T-T-T-A-G-T-G-A-G-G-G-T-T-A-A-T-T-G-G-T-A-C-C- 

10 G-A-A-T-T-C-A-T-3'(SEQIDNO:8). 

13. The method of claim 1 wherein one strand of the double stranded adapter 
polynucleotide comprises the sequence 5'-Phospho-C-G-A-T-A-C-C-G-T-C-G-A-C-C-T-C-G- 
A-G-G-T-C-C-C-T-T-T-A-G-T-G-A-G-G-G-T-T-A-A-T-T-G-G-T-A-C-C-G-A-A-T-T-3' (SEQ 
ID NO:9). 

15 14. The method of claim 1 wherein one strand of the double stranded adapter 

polynucleotide comprises the sequence 5'-A-A-T-T-C-G-G-T-A-C-C-A-A-T-T-A-A-C-C-C-T- 
C-A-C-T-A-A-A-G-G-G-A-C-C-T-C-G-A-G-G-T-C-G-A-C-G-G-T-A-T-3' (SEQ ID NO: 10). 

1 5. The method of claim 1 wherein one strand of the double stranded adapter 

polynucleotide comprises the sequence 5-Phospho-G-A-T-C-C-T-C-A-C-C-A-C-A-G-A-G-C-T- 

20 T-C-G-A-G-G-T-C-C-C-T-T-T-A-G-T-G-A-G-G-G-T-T-A-A-T-T-G-G-T-A-C-C-G-A-A-T-T-3' 
(SEQ ID NO: 11). 

16. The method of claim 1 wherein one strand of the double stranded adapter 
polynucleotide comprises the sequence 5'-A-A-T-T-C-G-G-T-A-C-C-A-A-T-T-A-A-C-C-C-T- 
C-A-C-T-A-A-A-G-G-G-A-C-C-T-C-G-A-A-G-C-T-C-T-G-T-G-G-T-G-A-G-3' (SEQ ID 

25 NO: 12). 

1 7. The method of claim 1 wherein one strand of the double stranded adapter 
polynucleotide comprises the sequence 5'-Phospho-C-T-C-A-C-C-A-C-A-G-A-G-C-T-T-C-G-A- 
G-G-T-C-C-C-T-T-T-A-G-T-G-A-G-G-G-T-T-A-A-T-T-G-G-T-A-C-C-G-A-A-T-T-3' (SEQ ID 
NO: 13). 

30 1 8. The method of claim 1 wherein one strand of the double stranded adapter 
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polynucleotide comprises the sequence 5'-A-A-T-T-C-G-G-T-A-C-C-A-A-T-T-A-A-C-C-C-T- 

C-A-C-T-A-A-A-G-G-G-A-C-C-T-C-G-A-A-G-C-T-C-T-G-T-G-G-T-G-A-G-C-A-T-G-3' (SEQ 
ID NO: 14). 

19. The method of claim 1 wherein the 3' PCR primer comprises a sequence chosen 
5 from the group consisting of 5'-G-A-G-C-T-C-C-A-C-C-G-C-G-G-T-3' (SEQ ID NO:5) ) and 

5'-G-A-G-C-T-C-G-T-T-T-T-C-C-C-A-G-3' (SEQ ID NO:6). 

20. The method of claim 4 wherein the RT primer comprises a sequence chosen from 
the group consisting of 5'- C-A-G-T-C-T-G-A-G-C-T-C-C-A-C-C-G-C-G-G-T-3' (SEQ ID 
NO:15) and 5'-G-A-G-C-T-C-C-A-C-C-G-C-G-G-T-3' (SEQ ID NO:5). 

10 21. The method of claim 1 wherein the first 5 ' PCR primer comprises a sequence 

chosen from the group consisting of 5'-C-T-C-G-A-G-C-T-C-G-A-C-G-G-T-A-T-C-G-G-N-3' 
(SEQ ID NO: 16), 5'-C-C-T-C-G-A-G-G-T-C-G-A-C-G-G-T-A-T-C-G-G-N-3' (SEQ ID 
NO: 17), 5' A-G-C-T-C-T-G-T-G-G-T-G-A-G-G-A-T-C-N-3' (SEQ ID NO: 19), 5'- A-G-C-T-C- 
T-G-T-G-G-T-G-A-G-C-A-T-G-N-3' (SEQ ID NO:21) and 5'- C-C-T-C-G-A-G-G-T-C-G-A-C- 

15 G-G-T-A-T-C-G-A-N -3' (SEQ ID NO:23). 

22. The method of claim 1 wherein the second 5' PCR primer comprises a sequence 
chosen from the group consisting of 5'-C-G-A-C-G-G-T-A-T-C-G-G-N-N-N-N-3' (SEQ ID 

NO: 18), 5'-C-T-C-T-G-T-G-G-T-G-A-G-G-A-T-C-N-N-N-N-3' (SEQ ID NO:20), 5'-C- 
T-C-T-G-T-G-G-T-G-A-G-C-A-T-G-N-N-N-N-3' (SEQ ID NO:22), and 5'-T-C-G-A-G-G-T-C- 
20 G-A-C-G-G-T-A-T-C-G-A-N-N-N-N-3 ' (SEQ ID NO:24). 

23 . The method of claim 1 wherein the three nucleotides at the 3 ' end of the first 5 ' 
PCR primer are joined by phosophodiesterase-resistant linkages. 

24. The method of claim 1 wherein the restriction endonuclease recognizing at least a 
four nucleotide sequence not found within the sequence of the anchor primer is selected from the 

25 group consisting of Aeil, AM, Bfal, BstUI. Csp6I. DpnI . Dpn II. Haelll. Hhal, HinPlI, Hpal l. 
Maell, Mbol, MeW, Msel, Msp l. NJain, Rsal, Sau3AI, Jail, TagI, and Tsn509I. 

25. The method of claim 1 wherein the restriction endonuclease recognizing a four- 
nucleotide sequence is Msp I 

26. The method of claim 1 wherein the restriction endonuclease recognizing at least a 
30 four nucleotide sequence not found within the sequence of the anchor primer is selected from the 
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group consisting of Bgill, Bmgl, BsaAI, BsaHI, BsaWI, Bsbl, BsePL BseSL Bsi L BsiEI, 
BsfflKAI, BsiWI, Bsm L Bsel286I, Bsel407I, BseEI, Bsp GL BspH I BsgLUl II, BspE L BsgGI, 
BspHI, BspLUl II, BspMII, BsrBI, BsrFI, BsrGI, BssHII, BssHII, BssSI, BstBI, BstYI, BstZ17I, 
Btgl, Btrl, CM, CfrlOI, Oal, Oral, DrdIL Dsa L Eae L Eag L ECU36II, Eco47III, EcoNI, Es^I, 
5 Es£3I, Fs£l 5 Gdffl, Hael, Haell, HgiAI, HgiEII, HgiJII, Hm4I, Hindi, Hmdll, HindllL Kas L 
K^nl, Ksp632I, Lpnl, MM, Mme L Msc L Msl L Msp AlL Mst L Nae L Nar L Nco L NdeL Nhe L 
NU3877I, NotI, Nru L NseBII, Ohl, Pert, EflMI, Pme L Ppu lOL Ppu ML Psp OML PsrI, PssI, 
PvuII, RleAI, RsrII, Sa^I, Saul, Sbfl, Sctf, Sdul, gfcl, Sfcl, Sgfl, SgrAI, Sma l Sml L Snal, 
SnaBI, Srfl, Sse232I, Sse8387I, Sse8647I, Styl, Tttillll, Tthll III, UbaKI, Vs^I, Xbal, Xcm l. 
10 Xho L Xma l. 

27. The method of claim 1 wherein the restriction endonuclease recognizing at least a 
four nucleotide sequence not found within the sequence of the anchor prime is selected from the 
group consisting of Asc L Bae L Fse l Not L Pac L Pme L PpuMI, RsrII, Sap L SexAI, Sfil, Sgf L 
SgrAI Srfl, Sse8387I and Swa L 

15 28 . The method of claim 4 wherein the restriction endonuclease that recognizes at least 

six bases is selected from the group consisting of Asc L Bae L Fse L Not L Pac L Pme L PpuM L 
RsrII, Sa^I, SexAL Sfil, Sgfl, SgrAI, Srfl, Sse8387I and Swa L 

29. The method of claim 4 wherein the restriction endonuclease that recognizes at least 
six bases is selected from the group consisting of EcoRl and Xbal 

20 30. The method of claim 1 , wherein the capturable moiety of the anchor primer of the 

double stranded DNA molecule is affixed to a substrate comprising a coating selected from the 
group consisting of streptavidin, avidin, neutravidin, N-oxysuccinimide ester, 
dimethyladipimidate-2-HCl, dimethylpimelimidate-HCl , dimethylsuberimidate-2HCl, dimethyl 
3,3 ! -dithiobisproprionimidate-2HCl, disuccinimidyl glutarate, disuccinimidyl suberate, 

25 bis(sulfosuccinimidyl)suberate, dithiobis(succinimidyl proprionate), dithiobis(sulfosuccinimidyl 
proprionate), ethylene glycobis(succinimidylsuccinate), ethylene 

glycobis(sulfosuccinimidylsuccmate), disuccinimidyl tartarate, disulfosuccinimidyl tartarate, 
bis[2-succinimidyloxycarbonyloxy)ethyl]sulfone ? bis[2-(sulfosuccinimidyloxycarbonyloxy) 
ethyljsulfone, and N-hydroxysuccinimidyl 2,3-dibromopropionate, succinimidyl 4-(N- 
30 maleimidomethyl) cyclohexane-l-carboxylate, sulfosuccinimidyl 4-(N-maleimidomethyl) 
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cyclohexane-l-carboxylate, m-maleimidobenzoyl-N-hydroxysuccinimide ester, m- 
maleimidobenzoyl-N-hydroxysulfosuccinimide ester, succinimidyl 4-(p-maleimidophenyl)- 
butyrate, sulfo succinimidyl 4-(p-maleimidophenyl)-butyrate, bismaleimidohexane, N-(y- 
maleimidobutyryloxy)succinimide ester, N-(y-maleimidobutyryloxy)sulfosuccinimide ester, N- 
succinimidyl(4-iodoacetyl)aminobenzoate, sulfosuccinimidyl(4-iodoacetyl)aminobenzoate, 1 ,4- 
Di-[3 ! -2 r -pyridyldithio(propionamido)butane], 4-succinimidyloxycarbonyl-a-(2- 
pyridyldithio)toluene, sulfosuccinimidyl-6-[a-m^ N- 
succinimidyl-3-(2-pyridyldithio)-propionate, succinmidyl 6-[3-(2- 
pyridyldithio)propionamido]hexanoate, sulfosuccinmidyl 6-[3-(2- 
pyridyldithio)propionamido]hexanoate, l-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
hydrochloride, N,N'-dicyclohexylcarbodiimide, l,5-difluoro-2,4-dinitrobenzene, N-5-azido-2- 
nitrobenzoyloxysuccinimide, N-hydroxysuccinimidyl-4-azidobenzoate, N- 
hydroxysulfosuccinimidyl-4-azidobenzoate, N-hydroxysuccinimidyl-4-azidosalicylic acid, N- 
hydroxysulfosuccinimidyl-4-azidosalicylic acid, sulfosuccinimidyl-(4-azidosalicylamido)- 
hexanoate, p-nitrophenyl-2-diazo-3,3,3-trifluoropropionate, 2-diazo-3,3,3- 
trifluoropropionylchloride, N-succinimidyl-(4-azidophenyl) 1 ,3-dithiopropionate, 
sulfosuccinimidyl-(4-azidophenyldithio)propionate, sulfosuccinimidyl 2-(7-azido-4- 
methylcoumarin-3-acetamide) ethyl-l^'-dithiopropionate, sulfosuccinimidyl 7-azido-4- 
methylcoumarin-3-acetate, sulfosuccinimidyl 2(m-azido-o-nitrobenzamido)-ethyl- 1 ,3 f - 
dithiopropionate, N-succinimidyl-6-(4 f -azido-2 ! -nitrophenylamino)hexanoate, sulfosuccinimidyl- 
6-(4-azido-2 f -nitrophenylamino)hexanoate, sulfosuccinimidyl 2-(p-azidosalicylamido)ethyl-l,3 f - 
dithiopropionate, and sulfosuccinimidyl 4-(p-azidophenyl)butyrate and mixtures thereof. 

3 1 . The method of claim 30, wherein the capturable moiety of the anchor primer of 
the double stranded DNA molecule is affixed to a substrate comprising a coating of streptavidin. 

32. The method of claim 30, wherein the capturable moiety of the anchor primer of 
the double stranded DNA molecule is affixed to a substrate comprising a coating of N- 
oxysuccinimide ester. 

33. A method for simultaneous sequence-specific identification of multiple mRNA 
molecules in a RNA population comprising the steps of: 
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preparing a population of capturable double-stranded cDNA molecules from a population 
of mRNA molecules having a 3' poly (A) terminus by using a mixture of anchor primers, each 
anchor primer having a 5' terminus and a 3' terminus and including: (i) phasing residues located 
at the 3' terminus of each of the anchor primers consisting of -V-N-N, wherein V is a 
5 deoxyribonucleotide selected from the group consisting of A, C, and G; and N is a 

deoxyribonucleotide selected from the group consisting of A, C, G, and T, the mixture including 
anchor primers containing all possibilities for V and N; (ii) a tract of 8 to 40 T residues located 
towards the S'-terminus relative to the phasing residues; (iii) a first stuffer segment consisting of 
4 to 40 nucleotides; (iv) a segment complementary to a 3' PCR primer consisting of about 12 to 

10 about 20 nucleotide residues located towards the S'-terminus relative to the tract of T residues; 
(v) a second stuffer segment consisting of 4 to 40 nucleotides; (vi) at least one segment 
comprising a sequence recognized by a restriction endonuclease that recognizes at least six 
bases, the segment being located towards the 5 ! -terminus of the anchor primer relative to the 3' 
PCR primer segment and (vii) a capturable moiety affixed to the anchor primer; 

15 digesting the population of capturable double-stranded cDNA molecules with a 

restriction endonuclease that recognizes at least a four nucleotide sequence not found within the 
sequence of the anchor primer, thereby producing a population of capturable double stranded 
cDNA fragments, each capturable double stranded cDNA fragment having an anchor end that 
corresponds to the poly(A) segment of the original mRNA molecule and including at least a 

20 portion of a sequence corresponding to that of the anchor primer, and a free end opposite to the 
anchor end; 

capturing the capturable moiety, thereby affixing the capturable double-stranded cDNA 
fragments to a substrate to form affixed double stranded cDNA fragments; 

ligating a double stranded adapter polynucleotide to the free end of each affixed double 
25 stranded cDNA fragment to form a population of adapted cDNA molecules, the double stranded 
adapter polynucleotide including a segment corresponding to the sequence of a bacteriophage 
RNA polymerase promoter and a segment complementary to a 5' PCR primer; 

generating a first set of sequence-specific PCR products by dividing the population of 
adapted cDNA molecules into a first series of subpools as templates for a first polymerase chain 
30 reaction with a 3' PCR-primer about 1 5 to 30 nucleotides in length that is complementary to at 

-71 - 



least a portion of the anchor primer sequence and a first 5' PCR-primer about 15 to about 30 
nucleotides in length and that is complementary to a portion of the adapter polynucleotide, with 
the complementarity extending one nucleotide beyond the portion of the adapter polynucleotide 
into the specific sequence corresponding to the free end of the capturable cDNA and including a 
5 3 f -terminus consisting of -N x , wherein X is an integer from 1 to 5, and N is selected from group 
consisting of the four deoxyribonucleotides A, C, G, and T, and wherein a different one of the 
first 5' PCR primers is used in each of 4 X different subpools; 

generating a detectable second set of sequence-specific PCR products by further dividing 
the first set of sequence-specific PCR products in each of the first series of subpools into a 

1 0 second series of subpools and using the first set of sequence-specific PCR products as templates 
for a second polymerase chain reaction with a 3' PCR primer of 15 to 30 nucleotides in length 
comprising a detectable moiety and a second 5' PCR primer defined as having a 3 '-terminus 
consisting of - Nx-N x+Ys wherein N x is the same as the N x used in the first polymerase chain 
reaction for that subpool, wherein Y is an integer from 1 to 5, (X+Y) is an integer from 2 to 6, N 

15 is selected from group consisting of the four deoxyribonucleotides A, C, G, and T, wherein the 
second 5' PCR primer is about 15 to about 30 nucleotides in length and wherein the second 5 T 
PCR-primer is complementary to a portion of the adapter polynucleotide with the 
complementarity extending X+Y nucleotides beyond the portion of the adapter polynucleotide 
into the specific sequence corresponding to the free end of the capturable cDNA, wherein a 

20 different one of the second 5 f PCR primers is used in the different 4 X+Y subpools of the second 
series of subpools; 

resolving the second set of sequence-specific PCR products to generate a simultaneous 
display of sequence-specific PCR products representing the 3-ends of mRNA molecules present 
in the mRNA population; and 
25 characterizing each sequence-specific PCR product by a partial sequence and a length, 

thereby providing simultaneous sequence-specific identification of multiple mRNA molecules in 
a RNA population without making a cDNA library. 

34. The method of claim 33, wherein the step of preparing a population of double- 
stranded cDNA molecules comprises the steps of synthesizing a first cDNA strand and 
30 synthesizing a second cDNA strand. 
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35. The method of claim 33, further comprising the steps of 

transcribing to produce synthetic RNA molecules by incubating the capturable cDNA 
with a bacteriophage RNA polymerase capable of initiating transcription from the sequence 
corresponding to the sequence of a bacteriophage RNA polymerase promoter; and 
5 generating first-strand cDNA by transcribing the cRNA using a reverse transcriptase and 

a RT primer being 15 to 30 nucleotides in length and comprising a segment capable of 
hybridizing to a portion of the anchor primer sequence. 

36. The method of claim 33, wherein X = 1 and Y = 3. 

37. The method of claim 33 wherein the anchor primer is chosen from the group 

1 0 consisting of primers having the sequence 5 '-A-T-G-A-A-T-T-C-T-C-T-A-G-A-G-A-T-T-G-C- 
T-A-C-C-T-C-A-G-T-C-T-G-A^ 

T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-V-N-N-3 5 (SEQIDNO: 1), 5'-A-T-G-A-A-T-T-C-T- 
C-T-A-G-A-G-T-C-T-G-A-G-C-T-C-C-A-^ 

T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-V-N-N-3 5 (SEQ ID NO: 2) and 5'-G-A-A-T-T-C-A-A- 
15 C-T-G-G-A-A-G-C-G-G-C-C-G-C^ 

A-C-T-C-A-C-T-G-C-A-G-T-T-^ (SEQ ID NO: 

3), wherein the 5' terminal base (base 1) is a biotinylated adenylate residue, each V can represent 
A, C or G, and each N can represent A, C, G, or T. 

38. The method of claim 33 wherein the bacteriophage RNA polymerase promoter is 
20 selected from the group consisting of T3 promoter, T7 promoter and SP6 promoter. 

39 The method of claim 33 wherein one strand of the double stranded adapter 
polynucleotide comprises the sequence 5'-A-T-G-A-A-T-T-C-G-G-T-A-C-C-A-A-T-T-A-A-C- 
C-C-T-C-A-C-T-A-A-A-G-G-G-A-C^ 
C-G-G-T-A-T-3' (SEQ ID NO:7). 

25 40. The method of claim 33 wherein one strand of the double stranded adapter 

polynucleotide comprises the sequence S'-C-G-A-T-A-C-C-G-T-C-G-A-G-C-T-C-G-A-G-C-G- 

A-T-G-A-T-A-A-G-C-T-G-T-C-C-C-T-T-T-A-^^ 

G-A-A-T-T-C-A-T-3'(SEQ ID NO:8). 
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41 . The method of claim 33 wherein one strand of the double stranded adapter 
polynucleotide comprises the sequence 5'-Phospho-C-G-A-T-A-C-C-G-T-C-G-A-C-C-T-C-G- 
A-G-G-T-C-C-C-T-T-T-A-G-T-G-A-G-G-G-T-T-A-A-T-T-G-G-T-A-C-C-G-A-A-T-T-3' (SEQ 
ID NO:9). 

5 42. The method of claim 33 wherein one strand of the double stranded adapter 

polynucleotide comprises the sequence 5'-A-A-T-T-C-G-G-T-A-C-C-A-A-T-T-A-A-C-C-C-T- 
C-A-C-T-A-A-A-G-G-G-A-C-C-T-C-G-A-G-G-T-C-G-A-C-G-G-T-A-T-3' (SEQ ID NO:10). 

43. The method of claim 33 wherein one strand of the double stranded adapter 
polynucleotide comprises the sequence 5'-Phospho-G-A-T-C-C-T-C-A-C-C-A-C-A-G-A-G-C-T- 

10 T-C-G-A-G-G-T-C-C-C-T-T-T-A-G-T-G-A-G-G-G-T-T-A-A-T-T-G-G-T-A-C-C-G-A-A-T-T-3* 
(SEQ ID NO: 11). 

44. The method of claim 33 wherein one strand of the double stranded adapter 
polynucleotide comprises the sequence 5'-A-A-T-T-C-G-G-T-A-C-C-A-A-T-T-A-A-C-C-C-T- 
C-A-C-T-A-A-A-G-G-G-A-C-C-T-C-G-A-A-G-C-T-C-T-G-T-G-G-T-G-A-G-3'(SEQID 

15 NO: 12). 

45. The method of claim 33 wherein one strand of the double stranded adapter 
polynucleotide comprises the sequence 5'-Phospho-C-T-C-A-C-C-A-C-A-G-A-G-C-T-T-C-G-A- 
G-G-T-C-C-C-T-T-T-A-G-T-G-A-G-G-G-T-T-A-A-T-T-G-G-T-A-C-C-G-A-A-T-T-3' (SEQ ID 
NO: 13). 

20 46. The method of claim 33 wherein one strand of the double stranded adapter 

polynucleotide comprises the sequence 5'-A-A-T-T-C-G-G-T-A-C-C-A-A-T-T-A-A-C-C-C-T- 
C-A-C-T-A-A-A-G-G-G-A-C-C-T-C-G-A-A-G-C-T-C-T-G-T-G-G-T-G-A-G-C-A-T-G-3' (SEQ 
ID NO: 14). 

47. The method of claim 33 wherein the 3 ' PCR primer comprises a sequence chosen 
25 from the group consisting of 5'-G-A-G-C-T-C-C-A-C-C-G-C-G-G-T-3' (SEQ ID NO:5) ) and 

5'-G-A-G-C-T-C-G-T-T-T-T-C-C-C-A-G-3' (SEQ ID NO:6). 

48. The method of claim 33 wherein the RT primer comprises a sequence chosen from 
the group consisting of 5'- C-A-G-T-C-T-G-A-G-C-T-C-C-A-C-C-G-C-G-G-T-3' (SEQ ID 
NO: 15) and 5'-G-A-G-C-T-C-C-A-C-C-G-C-G-G-T-3' (SEQ ID NO:5). 

30 49. The method of claim 33 wherein the first 5' PCR primer comprises a sequence 
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chosen from the group consisting of 5'-C-T-C-G-A-G-C-T-C-G-A-C-G-G-T-A-T-C-G-G-N-3' 
(SEQ ID NO:16), 5'-C-C-T-C-G-A-G-G-T-C-G-A-C-G-G-T-A-T-C-G-G-N-3' (SEQ ID 
NO: 17), 5' A-G-C-T-C-T-G-T-G-G-T-G-A-G-G-A-T-C-N-3' (SEQ ID NO:19), 5'- A-G-C-T-C- 
T-G-T-G-G-T-G-A-G-C-A-T-G-N-3' (SEQ ID NO:21) and 5'- C-C-T-C-G-A-G-G-T-C-G-A-C- 
5 G-G-T-A-T-C-G-A-N -3' (SEQ ID NO:23). 

50. The method of claim 33 wherein the second 5' PCR primer comprises a sequence 
chosen from the group consisting of 5'-C-G-A-C-G-G-T-A-T-C-G-G-N-N-N-N-3' (SEQ ID 

NO:18), 5'-C-T-C-T-G-T-G-G-T-G-A-G-G-A-T-C-N-N-N-N-3' (SEQ ID NO:20), 5'-C- 
T-C-T-G-T-G-G-T-G-A-G-C-A-T-G-N-N-N-N-3' (SEQ ID NO:22), and 5'-T-C-G-A-G-G-T-C- 
1 0 G-A-C-G-G-T-A-T-C-G-A-N-N-N-N-3 ' (SEQ ID NO:24). 

5 1 . The method of claim 33 wherein the restriction endonuclease recognizing at least a 
four nucleotide sequence not found within the sequence of the anchor primer is selected from the 
group consisting of Aril, Alul, BM, BstUI. Csp 6I. Dpn I. DpnI I. Haelll. Hha l. HinPH. Hpal L 
Maell, Mbol, Mnl l. Msel, Mml Malll, Rsal, Sau3 AI, Tail, Tagl, and lsp_509I. 

15 52. The method of claim 33 wherein the restriction endonuclease recognizing a four- 

nucleotide sequence is Msp I 

53. The method of claim 33 wherein the restriction endonuclease recognizing at least a 
four nucleotide sequence not found within the sequence of the anchor primer is selected from the 
group consisting of Bglll, Bmgl . BsaAI. BsaHI, BsaWI Bsbl . BsePI. BseSI. Bsi l. BsiEI. 

20 BsiHKAI, BsiWI, BsmI, Bsp.12861, Bsd.14071, BspEI, BsgGI, BsdHI, BspLUl II, BsoEI, BspGI, 
BspHI, BspLUl II, Bsp.MII, BsrBI, BsrFI, BsrGI, BssHII. BssHII, BssSI, BstBI, BstYI, BstZ17I, 
Btgl, Bfrl, Cfrl, CM 01, Clal, Dral, Drdll, Dsal, Eael, EagI, Ecll36II, Eco47III, EcoNI, Espl, 
Esp3I, Fs^I, Gdill, Hael, Haell, HgiAI, HgiEII, HgiJE, mn4I, Hindi, Hindll Hindlll, KasI, 
Kpnl, Ksp.6321, Lpnl, Mfel, Mmel, MscI, MslI, Ms^AlI, MstI, Nael, Narl, Ncol, Ndel, Nhe l. 

25 NU3877I, Nptl, Nru l. NspBII. Ohl, Pcil, EfiMI, Pme l. P^ulOI, Ppu MI. Psp OMI. PsrI, PssI, 
PvuII, RleAI, RsrII, Sapl, Saul, Sbfl, Sril, Sdul, Sfcl, Sfol, Sgfl, SgrAI, Smal, Smll, Snal, 
SnaBI, Srfl, Sse232I, Sse8387I, Sse8647I, Styl, Tfcl 111, JJil 1 IE, UbaKI. Vspl. Xba l. Xcm l. 
Xhol . Xma l. 

54. The method of claim 33 wherein the restriction endonuclease recognizing at least a 
30 four nucleotide sequence not found within the sequence of the anchor prime is selected from the 
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group consisting of AscI, Bael, Fsel, NotI, PacI, Pme L PpuMI, RsrII, Sapl, SexAI, Sffl, Sef L 
Sgr AI Srfl, Sse8387I and Swa L 

55. The method of claim 33 wherein the restriction endonuclease that recognizes at 
least six bases is selected from the group consisting of Asc I Bael, Fsel, NotI, Pad , Pme L 

5 Ppu ML RsrII, Safil, SexAI Sfil, Sgfl, SgrAI, SrA, Sse8387I and SwaL 

56. The method of claim 33 wherein the restriction endonuclease that recognizes at 
least six bases is selected from the group consisting of EcoRI and Xba L 

57. The method of claim 33 wherein the capturable moiety of the anchor primer of the 
double stranded DNA molecule is biotin. 

10 58. The method of claim 3 3 wherein the detectable moiety of the anchor primer of the 

second set of sequence-specific PCR products is a fluorescent moiety and is detected by 
monitoring laser-induced fluorescent emission, 

59. The method of claim 33 wherein the restriction endonuclease that recognizes at 
least a four nucleotide sequence not found within the sequence of the anchor primer is Mspl and 

15 the first 5' PCR primer comprises the sequence 5'-C-T-C-G-A-G-C-T-C-G-A-C-G-G-T-A-T-C- 
G-G-N-3' (SEQ ID NO:16). 

60. The method of claim 33 wherein the first 5 5 PCR primer comprises the sequence 
5'.C-C-T-C-G-A-G-G-T-C-G-A-C-G-G-T-A-T-C-G-G-N-3' (SEQ ID NO:17) and the second 5' 
PCR primer comprises the sequence 5'-C-G-A-C-G-G-T-A-T-C-G-G-N-N-N-N-3' (SEQ ID 

20 NO: 18). 

61 . The method of claim 33 wherein the restriction endonuclease that recognizes at 
least a four nucleotide sequence not found within the sequence of the anchor primer is Sau3AL 
the first 5' PCR primer comprises the sequence 5' A-G-C-T-C-T-G-T-G-G-T-G-A-G-G-A-T-C- 
N-3' (SEQ ID NO:19), and the second 5' PCR primer comprises the sequence 5'-C-T-C-T-G-T- 

25 G-G-T-G-A-G-G-A-T-C-N-N-N-N-3' (SEQ ID NO:20). 

62. The method of claim 33 wherein the restriction endonuclease that recognizes at 
least a four nucleotide sequence not found within the sequence of the anchor primer is Nlalll, the 
first 5' PCR primer comprises the sequence 5'- A-G-C-T-C-T-G-T-G-G-T-G-A-G-C-A-T-G-N- 
3' (SEQ ID NO:21), and the second 5' PCR primer comprises the sequence 5'-C-T-C-T-G-T-G- 

30 G-T-G-A-G-C-A-T-G-N-N-N-N-3 ' (SEQ ID NO:22). 

-76- 



63. The method of claim 33 wherein the restriction endonuclease that recognizes at 
least a four nucleotide sequence not found within the sequence of the anchor primer is Taql . the 
first 5' PCR primer comprises the sequence 5'- C-C-T-C-G-A-G-G-T-C-G-A-C-G-G-T-A-T-C- 
G-A-N -3' (SEQ ID NO:23), the second 5' PCR primer comprises the sequence 5'- T-C-G-A-G- 

5 G-T-C-G-A-C-G-G-T-A-T-C-G-A-N-N-N-N-3' (SEQ ID NO:24). 

64. A set of anchor primers having the sequence 5'-A-T-G-A-A-T-T-C-T-C-T-A-G- 
A-G-A-T-T-G-C-T-A-C-C-T-^^ 

T-C-A-C-T-G-C-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-V-N-N-3' (SEQ ID NO: 1) wherein 
the 5' terminal base (base 1) is a biotinylated adenylate residue, V can represent A, C or G, and 
1 0 each N can represent A, C, G, or T. 

65. A set of anchor primers having the sequence 5'-A-T-G-A-A-T-T-C-T-C-T-A-G- 
A-G-T-C-T-G-A-G-C-T-C-C-A^ 

T-T-T-T-T-T-T-T-T-T-T-T-T-T-V-N-N-3'(SEQ ID NO: 2) wherein the 5' terminal base (base 
1) is a biotinylated adenylate residue, V can represent A, C or G, and each N can represent A, C, 
15 G, or T. 

66. A set of anchor primers having the sequence 5'-G-A-A-T-T-C-A-A-C-T-G-G-A- 
A-G-C-G-G-C-C-G-C-A-G-G-A-A^ 

T-G-C-A-G-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-V-N-N-3 ? (SEQ ID NO: 3) wherein the 5' 
terminal base (base 1) is a biotinylated guanosine residue, V can represent A, C or G, and each N 
20 can represent A, C, G, or T. 

67. A system for storing and displaying characteristics of polynucleotide fragments 
comprising, in combination: 

a graphical user interface for visually displaying characteristics of polynucleotide 
fragments and 

25 at least one database for storing characteristics of polynucleotide fragments stored on a 

computer readable medium. 

68. The system of claim 67 wherein at least one database comprises data produced by 
the quantitation of the fragment length and relative abundance of sequence-specific PCR 
products. 

30 69. The system of claim 68 wherein the sequence-specific PCR products are 
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differentially expressed sequence-specific PCR products. 

70. The system of claim 67 wherein at least one database comprises data including 
sequence relationships, gene mapping and cellular distributions. 

71 . The system of claim 67 wherein at least one database comprises data including 
5 corresponding nucleotide sequences determined from a general database of nucleotide 

sequences, the corresponding nucleotide sequences being delimited by the 3 '-most recognition 
site for the restriction endonuclease that recognizes at least a four nucleotide sequence not found 
within the sequence of the anchor primer and the beginning of the poly(A) tail. 

72. The system of claim 71 wherein at least one database comprises data including an 
10 expected length of a sequence-specific PCR product. 

73. The system of claim 72 wherein the expected length of a sequence-specific PCR 
product is determined from the sum of the lengths of the corresponding nucleotide sequence 
determined from the general database, the length of the 5' PCR sequence hybridizable to the 
adapter sequence, and the length of the remaining anchor primer sequence, including the length 

15 of the 3 1 PCR primer segment. 

74. The system of claim 73 further comprising a set of executable instructions stored 
on a computer readable medium suitable for comparing characteristics of the sequence-specific 
PCR products to characteristics of the corresponding nucleotide sequence determined from the 
general database. 
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